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Field of the Invention 

This invention relates to cleaning 
compositions comprising at least one partially- 

10 fluorinated ether compound and to processes for 

removing contaminants from substrate surfaces using 
such compositions. In another aspect/ this invention 
relates to certain novel partially- fluorinated ether 
compounds* In yet another aspect* this invention 

IS relates to coating compositions comprising at least one 
partially-fluorinated ether compound and to processes 
for depositing coatings on substrate surfaces using 
such compositions. 



20 Background of the Invention 

Solvent cleaning applications where 
contaminated articles are immersed in (or washed with) 

solvent liquids and/or vapors are well-known. 

Applications involving one or more stages of immersi 
rinsing, and/or d rying are common, /solvents can be 
used at ambient temperature (often, accompanied by 
ultrasonic agitation) or at elevated temperatures up to 
the boiling point of the solvent. 

A major concern in solvent cleaning is the 
30 tendency (especially where solvent is used at an 

elevated temperature) for solvent vapor loss from the 
cleaning system into the atmosphere. Although care is 
generally exercised to minimize such losses (e.g., 



15 



20 



I European Patent Publicati^No. 0 

) des 



450 855 A2 

(ImperiaT Chemical Industries PLC) describes the use of 
low molecular weight, fluorine-containing ethers of 
bomnTLn^t »iui»«* in solvontcleanlng applications. 

International Patent Publ 
NO 93/112B0 (Allied-Signal, Inc.) discloses a non- 
aqueous cleaning process which utilises a fluorocarton-, 

based rinsj 
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: oX"Patent Mo. 5,2"te,e6» (Van Oaf 
\\A describes hydrofiuorocarbon solvents useful for 
dissolving contaminants or removing contaminants from 
the surface of a substrate. The solvents have 4 to 7 
carbon atoms and have a portion which is fluorocarbon^ 
the remaining portion being hydrocarbon. 

"■^^ p.s: Tatent Ho. 3,4bi,JJi iLiU e t al.) 

discloses fluorinated ethers containing at least one 
halogen substituent other than fluorine and states that 
those ethers which are liquid can be used as solvents 
for high molecular weight resinous perhalogenated 
compounds such as solid polychlorotrifluoroethylene 

resins . 

French Patent Publication No. 2,287,432 
(Societe Netionale des Poudres et Explosifs) describes 
new partially-fluorinated ethers and a process for 
their preparation. The compounds are said to be useful 
as hypnotic and anesthetic agents; as monomers for 
preparing heat-stable, fire-resistant, or self- 
lubricant polymers; and in phyto- sanitary and phyto- 
pharmaceutical fields. 

German Patent Publication no. 1,294,949 
(Farbwerke Hoechst AG) describes a technique for the 
production of perfluoroalkyl-alkyl ethers, said to be 
useful as narcotics and as intermediates for the 
preparation of narcotics and polymers. 
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of the Invention 
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ig invention provides a 




process for removing contaminants (e.g., hydrocarbons/ 
fluorocarbons, or even water) from the surface of a 
substrate (e.g., metal, glass, ceramic, plastic, or 
fabric) - The process comprises contacting the 
substrate with (or exposing the substrate to) a liquid- 
and/or vapor-phase cleaning composition comprising at 
least one mono-, di-, or trialkoxy-substituted 
perfluoroalkane, perfluorocydoalkane, 
perfluorocycloalkyl-eontaining perfluoroalkane, or 
perfluorocycloalk ylene-containing perfluoroalkane^ 

id. The compound can optionally contain 
additional catenary (i.e., in-ehain) heteroatoms (e.g., 
IS oxygen or nitrogen) and preferably has a boiling point 
in the range of from about 25*C to about 200°c. 

The alkoxy-substituted compounds used in the 
process of the invention exhibit unexpectedly high 
stabilities in the presence of acids, bases, and 
20 oxidizing agents. In addition, in spite of their 

fluorine content, the compounds are surprisingly good 
solvents for hydrocarbons (as well as fluorocarbons) . 
The compounds are low in toxicity and flammability, 
have ozone depletion potentials of zero, and have short 
3S atmospheric lifetimes and low global warming potentials 
relative to ehlorofluorocarbons and many 
chlorofluorocarbon substitutes. Since the compounds 
exhibit good solvency properties while being 
environmentally acceptable, they satisfy the need in 
30 the art for substitutes or replacements for the 

commonly-used cleaning solvents which have been linked 
to the destruction of the earth's ozone layer. 

In other aspects, this invention also 
provides certain novel mono-, di-, and trialkoxy- 
3S substituted perf luorocompounds ; a cleaning composition 



substituted ammonium (mono-/ di-» ^Q'' 97 tttra- 

substituted) , or quaternary phosphonium salts* and 
mixtures thereof. Such salts are in general 
commercially available but, if desired, can be prepared 
5 by known methods, e.g., those described by M. C. Sneed 
and R. C. Br as ted in Comprehensive Inorganic f hn^efr-yy- 
Volume Six (The Alkali Metals), pages 61-64, D. Van 
Nostrand Company, Inc., New York (1957), and by H. 
Kobler et al. in Justus liebigs Ann. Chem. 1976, 193*7. 

10 l,4-diasabicyclo(2.2.2)octane and the like are also 
suitable solid nueleophiles. 

The cleaning process of the invention can be 
carried out by contacting a contaminated substrate with 
a cleaning composition comprising at least one of the 

15 above-described alkoxy- substituted per f luorocorapounds . 
The perfluorocompounds can be utilized alone or in 
admixture with each other or with other commonly-used 
cleaning solvents, e.g., alcohols, ethers, alkanes, 
alkenes, perfluoroearbona, perfluorinated tertiary 

20 amines, perfluoroethers, cycloalkanes, esters, ketones, 
aroma tics, slloxanes, hydroehlorocarbons, 
hydrochlorof luorocarbons, and hydrof luorocarbons . 
Such co-solvents can be chosen to modify or enhance the 
solvency properties of a cleaning composition for a 

25 particular use and can be utilized in ratios (of co- 
solvent to perxiuorocompound(s) ) such that the 
resulting composition has no flash point. Preferably, 
the perfluoroconpound(s) used in the composition have 
boiling points in the range of from about 25*C to about 

30 200*C, more preferably from about 25*C to about 12S°C. 

The cleaning composition can be used in 
ei ther the gaseous or the liquid s tate (or both) , and 
{&ny~ af the known techniques for "contacting^ 
substrate can be utilized. For example, a liquid 

35 cleaning composition can b^sprayed or brushed^nto the 
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sub^rate, a gaseous cleaning composition can be blown 
acr^re the substrate, or the suKtrate can be immersed 
in either a gaseous or a liquid composition. Elevated 
temperatures, ultrasonic energy, and/or agitation can 
S be used to facilitate the cleaning. Various different 

a solvent cleaning techniques are described by B. N. 
j Ellis in Cleaning r*n» a ».< na tion of electronics 
Components and Assemblies , Electrochemical Publications 
Limited, Ayr, Scotland, pages 182-94 (1986) . 
10 Both organic and inorganic substrates can be 

Cleaned by the proeess of the invention. 
Representative examples of the substrates include 
metals; ceramics; glass; polycarbonate; polystyrene; 
acrylonitrile-butadiene-styrene copolymer; natural 
IS fibers (and fabrics derived therefrom) such as cotton, 
silk, fur, suede, leather, linen, and wool; synthetic 
fibers (and fabrics) such as polyester, rayon, 
acrylics, nylon, and blends thereof; fabrics comprising 
a blend of natural and synthetic fibers; and composites 
20 of the foregoing materials. The process is especially 
useful in the precision cleaning of electronic 
components (e.g., cireuit boards), optical or magnetic 
media, and medical devices. 

The cleaning process of the invention can be 
25 used to dissolve or remove most contaminants from the 
surface of a substrate. For example, materials such as 
light hydrocarbon contaminants; higher molecular weight 
hydrocarbon contaminants such as mineral oils and 
greases; fluorocarbon contaminants such as 
30 perfluoropolyethers, bromotrifluoroethylene oligomers 
(gyroscope fluids) , and chiorotrif luoroethylene 
oligomers (hydraulic fluids, lubricants) ; silicone oils 
and greases; solder fluxes; particulates; and other 
contaminants encountered in precision, electronic, 
35 metal, and medical device cleaning can be removed. 
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pi^pro^s is particularly useful Qr the removal of 
hydrocarbon contaminants (especiall y, light hydrocarbon 
&ZXsLl fluorocarbon contaminants/ /particulate^ and 



surfaces, the cleaning process of the invention can be 
carried out as described in U.S. Patent No. 5,125/978 
(Flynn et al.) by contacting the surface of an article 
with a liquid cleaning composition which preferably 

10 contains a non-ionic fluoroaliphatic surface active 
agent. The wet article is immersed in the liquid 
composition and agitated therein, the displaced water 
is separated from the liquid composition, and the 
resulting water-free article is removed from the liquid 

15 composition. Further description of the process and 
the articles which can be treated are found in said 
U.S. Patent No. 5,125,976. The process can also be 
carried out as described in U.S. Patent No. 3,903,012 
(Brandreth) . 



composition comprising (a) a major amount (preferably, 
at least about 60 percent of the composition by weight) 
of at least one mono-, di-, or trialkoxy-substituted 
perfiuoroalkane, perfluorecycloalkane, 

25 perfluorocycloalkyl-containing perfiuoroalkane, or 
perfluoroeycloalkylene-eontaining perfiuoroalkane 
compound, the compound optionally containing additional 
catenary heteroatoms; and (b) a minor amount of at 
least one co- solvent selected from the group consisting 

30 of alcohols, ethers, alkanes, alkenes, 

perfluorocarbons, perfluorinated tertiary amines, 
perfluoroethers, cycloalkanes, esters, ketones, 
aromatics, siloxanes, hydrochlorocarbons, ^ 
hydrochlorofluorocarbons, and hydro fluorocarbons. Y 

35 Preferably, the co-solvent is selected from the group 
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This invention also provides a cleaning 
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cons^ing of alcohols, alkanes^lkenes, cydoalkanes, 
esters, arematics, hydro ehlorocarbons, and 
hydro fluorocaxbons. 

Representative examples of co-solvents which 
5 can be used in the cleaning composition include 

methanol, ethanol, isopropanol, t-butyl alcohol, methyl 
t-butyl ether, methyl t-amyi ether , 1,2- 
dimethoxyethane, eyelohexane, 2,2,4-trimethylpentane, 
n-decane, terpenes (e.g., a-pinene, camphana, and • 

10 limonene), trans-l,2-dichloroethylene, 

methylcyclopentane, decalin, methyl decanoate, t-butyl 
acetate, ethyl acetate, diethyl phthalate, 2-butanone, 
methyl isobutyl ketone, naphthalene, toluene, p- 
chlorobenzotri fluoride, trifluorotoluene, hexamethyl 

is disiloxane, octamethyl trisiloxane, perfluorohexane, 
perfluoroheptane, perfluorooctane, 

Perfluorotributylamine, perfluoro-N-methyl morpholine, 
perfluoro-2-butyl oxaeyclopentane, methylene chloride, 
chlorocyclohexane, 1-chlorobutane, 1, l-diehloro-1- 
20 fluoroethane, 1, l,l-trifluoro-2, 2 -dichloro ethane, 

1.1.1. 2. 2- pentafluoro-3, 3-dichloropropane, 

1.1.2.2. 3- pentaf luoro-l, 3-dichloropropane, 2, 3- 
dihydroperf luoropentane, l, l, l, 2, 2, 4-hexaf luorobutane, 
l-trif luoromethyl-1, 2, 2-trifluorocyclobutane, 3-methyl- 

25 1,1,2, 2-tetr af luorocyclobut ane , and 1- 
hydropentadecaf luoroheptane . 

The above-described alkoxy-substituted 
perfluorocompounds can be useful not only in cleaning 
but also in coating deposition, where the 

30 perfluorocompound functions as a carrier for a coating 
material to enable deposition of the material on the 
surface of a substrate. The invention thus also 
provides a coating composition and a process for 
depositing a coating on a substrate surfaee using the 

35 Composition. The process comprises the step of 



is- 



applying 0 at least a portion of at^east one surface 
of a substrate a coating of a liquid coating 
composition comprising (a) a solvent composition 
comprising at least one mono-, di-, or trialkoxy- 
5 substituted perfluoroalkane, perfluoroeycloalkane, 
perfluorocycloalkyl-containing perfluoroalkane , or 
perfluorocycloalkylene-containing perfluoroalkane 
compound, the compound optionally containing additional 
catenary heteroatoms; and (b) at least one coating 

10 material which is soluble or dispersible in the solvent 
composition. The solvent composition can further 
comprise one or more co-dispersants or co-solvents (as 
defined supra , preferably those having boiling points 
below about 125*C) and/ or one or more additives (e.g.,. 

15 surfactants, coloring agents, stabilizers/ anti- 
oxidants, flame retardants, and the like) . Preferably, 
the process further comprises the step of removing the 
solvent composition from the coating by, e.g., allowing 
evaporation (which can be aided by the application of, 

20 e.g., heat or vacuum). 

Coating materials which can be deposited by 
the process include pigments, lubricants, stabilizers, 
adheslvesi ant 1 -oxidants, dyes, polymers, 
pharmaceuticals, release agents, inorganie oxides, and 

25 the like, and combinations thereof. Preferred 

materials include perfluoropolyether, hydrocarbon, and 
silicone lubricants; amorphous copolymers of 
tetrafluoroethylene; polytetrafluoro ethylene; and 
combinations thereof. Representative examples of 

30 materials suitable for use in the process include 
titanium dioxide, iron oxides, magnesium oxide, 
perfluoropolyethers, polysiloxanes, stearic acid, 
acrylic adhesives, polytetrafluoroethylene, amorphous 
copolymers of tetrafluoroethylene, and combinations 

35 thereof. Any of the substrates described above (for 
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* claim: 

1- A process for removing contaminants from the 
surface of a substrate comprising the step of 
contacting a substrate with a liquid* and/or 
vapor-phase cleaning composition comprising at least 
one mono-, di- f or trialkoxy-substituted 
perfiuoroalkane, perfluorocycloalkane, 
perfluorocycloalkyl-containing perfiuoroalkane, or 
Perfluorocycloalkylene-containing perfiuoroalkane 
compound, said compound optionally containing one or 
nore additional catenary heteroatoms. 

2. A process for removing contaminants from the 
surface of a substrate comprising the step of 
contacting a substrate with a liquid- and/or 
vapor-phase cleaning composition comprising at least 
one compound selected from the group consisting of 
e-C,F„CF a OC,H 5 , c-C 6 F„CF,0CH 3/ 4-CF 3 -c-C«F le CF a OCH s , 

c F a J*-<CFJ a OCH a 
CFjCF, , 

c F a ^""<CFJ a OC a H a 

^-(CFJ.OCK 
CFJCF 

9 ' raaOCFj-c-CcF^OCBj, CFrfCjH,, 

C«F 9 0CH a , e-C,FnOCM 3 , (CF 3 ) a CFCF 3 0CH„ <CF 3 ) a CFCF,OC a H a , 
CePnOCH,, CaFsCFtOCHjICFfCFaia, CF,CF(0CH 3 )CF(CF s ) a , 
CaF„0CH 3 , C 9 F„OC a H 5 , and CjFiOCHj. 
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Point l*C\ 



1 . 1-dif luoroethyl ttethyl ether 47 
1.1.2, 2-tetre£luoroethyl methyl ether 36. S 

1-chloro-l , 2 , 2-trifluoroethyl methyl etter 70.6 

w-d±chioro-2,2-41£lttoreothyl aetftyl ether . 104.8 
l-chloro-2,2-difluoroethyl methyl ether 27. S * 

1 « 1 1 1 » 3 . 3 1 3-bcacagluoropropyi methyl ether S4.5 
1 , i-ditluoreethyl ethyl ether 65 
l«1.2.2-tetra£luQreethyl ethyl ether 56 
1-ehloro-l . 2 , 2-trif luoroetbyl ethyl ether 62 a 

1.1.1.2.3. 3-hexafluoro propy l ethyl ether 64. S 

1 f 1 . 2 . 2-tetrafluoroethyl n-propyl ether * 71.7 * 

l-chloro-l . 2 , 2-trifluoreethyl n-propyl ether 109 
1.1.1.2.3, 3-hea r nt lnor opropyl a-propyl ether 92 

l-chloro-1.2 . 2-trif luoroethyl isopropyl ether 100 
l-chloro-2 . 2-dif luoroethyl isopropyl ether S3 « 
1.1,1.2,3,3-hexafluoropropyl isopropyl ether 76 
1,1* 2, 2-tetrafluoroethyl n-butyl ether 49 » 

i*1.1.2,3,3-hexafluoroprepyl n-butyl ether 108 
1.2, 2-trif luoroethyl 1, 1, 1-trif luoroethyl ether 75 
1,1.2, 2-tetrafluoroethyl 1. 1-difluoroothyl ether 77 

di { 1 . 1-difluoroethyl) ether 103 



i-chioro-i , 2 , 2-trlf lueroethyl 1 , 1-dif luoroethyl 

ether 102 

1,1, 2, 2-tetrafluoroethyl 1,1- 

d± ( tr ifluorome thy 1) methyl ether 65 

1 At 130 m Hg 

a At 630 in Hg 

a At 637 am Hg 

- 4 At 121 nm Hg 

s At 113 ma Hg 

MMm of alhvB, indudhg azeottpio mhturas, may be used tf desired as nay mtrtjiejofen e&ionvltf) 

one or men cosctoms. Theaar?ieo8soly^r^frrVTi^ MM ~^Hft1^ 

etaaqhffl applienBiwe antj In particular DQtef COtnPOUndS SMBtLW f^fff** "■■^ < WP h T lte - Ctoaning 

cornposltfona comprising the ether and a eosoivent, notably a Mwar aOcanol Cfieohrent an provided according 
to another feature of the invention. A*eob^irfaTteQlttom*nd9la&6teMpneenlpreiern6 oinbodfenento 
of tha invention. Lower aliphatic alcohols containing itc4 carbon atoms are useM In such mixtures. 
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geneafly wfl) not require stabifesflen against degradation. However, atabfisare may be added V dieted or if 
required for paitieularty onenu deenlng appttoattone and the matbmiwB used in the common advents may 
bi employed, notably nfroaDosnee and epexito^ 

Theetftenmaybeueedaerepfacimentsforte 
andhaveteadvarrfageofbein^seneralymom 

elhere may be wad la raphe* part off the sdvem(s) used tn known deohtng applications. 
The Invention is ikisbatad by the fallowing examples 

BCAMPLE1 



Thte Example fflustrates the me of 2*Noro«1,1«2«ttuOfasaiyl methyl ether In deaningftux residues ftam 
oopper^oated boards. 

A known weight of soMer cream was applied to testbcarta(5 cmx7 onJcutftemooppewatedFR* 
(epo^olasa fibre laminate) board and ha ram was reflawed in a MICRO VPS edderfng ur* The solder 
15 cream uaed was a 82% tftS8% lead adder avalabte as 

2-cfdoro-1 l 1,24rffiuofoethyt methyl ether (baling paint 6S*C at fflOrpm Hg) was boiad In a beaker fitted 
with an upper cooling oofl through which cold water was emulated to create a holing liquid phase and a vapour 
phase and die contaminated boars was dipped into die boi^nguWfbrfiOaeoonds and then held In fta vapour 
for 90 seconds. 

20 Residual brie contamination of the taat beard, expressed as mg sodium chlaifda par square centfmetre 
was determ i n ed using a Pfotonique Comaminometer. The ionic contamination of an unwashed test board was 
determined and the % removal of ionic contamination waa calculated 81% of the ionic flux residues were 
removed from the test boards. 

The ether waa heated to 1«TC and me vapour pressure* above the other were detemlned over the range 
29 50 • 190"C A Blight increase in vapour pressure waa observed at approximately 120°C but there was no vteftte 
evidence of advent breakdown at this temperaum. 

In a Comparative Test, using 
1,1 ,2-trichtoo»1 ^Lfrtrtfluoroethane as the advent 46K of the ionic flux residues were removed. 

Jfl EXAMPLES 

These Examples ilustratB the use of mixtures of 2h±Ioto-1.1 JMflluoroethyf methyl ether and methanol 
far cleaning flux residues from copper coated printed circuit boards. 

In Example a, a mfaoure of 2-cMor»»i,i,2-tritluoroetfiyl methyl ether and methanol waa baited unffl a eon- 
45 star* baaing mixture was obtained. This a2eowpe contained 1 BJB% by weight of mahartoi and boled at 56.8°C 
at normal pressure. 

The as e o tro p i o mature was used to remove tale residues from the teat beards ee described In Example 
1. 68.9% of the ionio raaudea ware removed. 

In Example 3, the procedure of Example 2 was repeated except that a mttureofthe ether (05% by weight) 
« and methanol (5% by weight) waa used instead of the azeetreplo mhture. 60.1% of the tonic residues were 
removed. 

EXAMPLE 4 

* This Example demonstrates the stabity of 2cMoro»l,l> bffluoroethyl methyl ether in the presence el 
aluminium. 

The ether was reduced in contact with dominium tar 40 hours* The ahimkuum last piece was parfly 
knmersed In the liquid and partly in the vapour above the liquid. 

In the test no increase in chloride Ion or fluoride ion waa observed In the liquid phase and the GC fface of 

* the solvent after the teat ehowed no change. There waa no significant weight dtange in the metal test piece 
which emerged bom the teat dean and bright with no evidence of corrosion. 

The results demonstrate that the ether hashish stability It the presence of aluminium and Is suitable for 
use in aluminium cleaning applications. Steblisers may be added to inhibit the bu3d up of addity in the after 
when It is used to dean metafa» 



EXAMPLES 
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^iSSuon*** methyl ether, beting point 9S4S-C (680 mm Hg) and dwisay(25"C) 1.2agrtnl, was used 
to dean tec feakaies from copper eoatad boards as ducAtdinewnptal. omarowieaiefliKresiauaB 




EXAMPLE 6* 



These Eaamplas ilttsnate certain azaooopie imam mA^tetninthaproeBssaesordhgtDawpre* 
sent invention, 
fp Tebanuoiaetliyl inatl^ ef^ 
baling at34.9°C» 

The eftsftams an sreeueps with i,l,24nanlojeyi,a,2 -ttaiwoeijane containing 3*9% rvweejttofthe 
hsloethana end baling « about 34.9*0. 

The ether forms a bj-naiy eaeetnjpe wift 1,1^ottkB> i;L*ejsjefDaftam and methanol cataaJnlng 
13 4l%bywe^rfifteh8JoeB^ 

EXAMPLE fl 

This Example (Huabstes the use era ternary azaotropte n*duni to the process according to the present 
20 Invention. 

The tsmaiy aasebaale nxdure of Bfrafhieroathyt methyl ether, 1,12^1*taro-1,2^-a1f!uoroethane and 
methanol prepared In Example a was used tatwm^z<^flmn^\Mlrwdrwliba^bfti\opnce&^ 
described in Example 1. 4&2K of the ionic flux fastens were rarnoved. 

m EXAMPLE 10-11 

These Examples Atsb^bi fuitiw 
eon. 

Tetraflucroathyl ethyl ether, baling point 56"C and densny 121 g/ml, forms an azeofeope wBh methanol 
» containing 1 0.6% by weight of methanol and bolng at 48J6*C. 

The ether forms an azsotropo with emend containing a&s% by weight of 1.1.2-flichten>-1A2-Wf- 
luorosthans and boibig at 46,9m 



as Claims 

1. A process ibt daaning artdes which comprises eanfadlng the srBctefl with a ootvant eumpaaloon conv 
prising alowmoteufatfwsigrrtthjMuic con taining ether of bailing potntln the range of about 20°C to about 
120»C or the vapour thereof or both 

40 

2. ApreeesaftxcenminisflUe^ 

& AprarMsstbrdeanirrgajtiBtesasd 

45 4. A press for daaning articles as dakned In Claim 1 herein the said e*er has a boBing point in th©rong« 
offrom25«Cto80*C. 

S. A process as daimed In dawn 1 wherein the solvent composition further comprises a co-ooVent 
so 6. ApnxeaseadeliiartlnaaimSwhen^ 

7. A process as dakned in Claim 6 wherein the ether and the alcohol form an azaotmptemottiire. 

8. A solvent compasffian as denned In any one of Claims 5-7. 
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9. A solvent cleaning ccmpo*»» Is claimed in Claim a wherein the low rnolaeular weight fluorine containing 
etharof being point in the range Of about 2D»C to about 120*C is at least 

o_»kt MM _i 4 4%jvMuomAth«i mnthvl after, tatrafluoroethvl methvl ether, of tetrafliinmnthvl ethwl «*er 
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10. A«e^^dBMll^lg cM ^ p o rin pn«dal^ltcd^^C^a^ 
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This tnventton relates to eotmtdeanlngappO^^ 
metate.textfes.^as^plasfica, dae^^ 
cr solvent vapour tnd mora psrttcu^ 

applications whereto conMnatedartldesm 



hydrecarbonGotvenfcartdforthevapourethe^ % 
several stogaaerinw!iersb& rinsing and di^ 



temperature (c 



tup to thai 



efottoreethyleneb perchteroethytena and metbytent chloride, Tlwee solvent are used 
done or in minims with cosdvente sueh as sHphatfc steohota or other low mdeajiar weight, polar addfchres 
and departing to tome extant upon the eitfdes to bs cleaned are often stabftfecdagairtt degradation induced 
by fight, heat and the presence of nutate, 

In the known common advent cleaning applications and espedaly In those eppttaatfans where the solvent 
rfi used at an elevated temperature, there is a tendency for solvent vapour to be lost from the cleaning system 
into the atmosphere. Further tosses may occur to loading and unloading the eohreno Into cleaning plant and 
in recovering used solvent by distillation. Whist care h usually exercised to nfitimbe losses of solvent into the 
atmosphere, for Instance by improved 0am design and vapour reovety systems, the expense of totally pre- 
venting losses is axhorbftant and most practical deaning applications result in some loss of solvent vapour Into 
the atmosphere. 

Until recently, the use of die common deaning solvents has been regarded as safe practice En that die sol- 
vente are stable, of low taocfly, non-flammable materials believed to be envfronrnentaty benign. However 
recent evidence suggests Btst some at teest of the common solvents may have a long-taim deleterious effect 
on the stratosphere; (he so-called earne layer, eo that a replacement solvent is seen to be deettbia. 

Acooitfing to the Invention there bpravMed the use in solvent dee ning applications o* solvents comprising 
low molecular weight fluorine-containing ethete of boning point to the range of ebeuc 20°C to about 120°c. 

The ether has a bailing point in the range 20*0 to 1WC, preferably Warn 2S*C to BSTC, such that It may 
be used In conventional end ekbSng deaning equipment For any particular deaning application, an ether may 
be selected having a boiing point dose to that or the solvent the ether is replacing. 

The ethers can bo obtained by reaction of a hetogenated aliphatic olefin with an optionaly nalogenatad 
aliphatic alcohol in known manner and thus contain at least three carbon atoms in the molecule. Usually the 
ether wO contain not rare than five osrbon atoms although it mty contain six or more carbon atoms providing 
its boting point is below about 120*C> 

The ether contains at least one and wfl usually contain two or more fluorine atoms butwilnot generally 
be perfiuorinatod. In addition to fluorine atoms, the ether may contain cMorfne atoms, bromine atoms and hy* 
rogen atoms. Ethers containing chlorine and/or hydrogen may contain one or two chlorine atoms and/or one 
or two hydrogen atoms. 

Examples of alcohols which may be used to produce the ethers are methanol, ethanoi, prepanol and 
butanol and hafogensted derivatives thereof. Mkenes which may be used include tetnrfuoroethylene, hexat- 
luoropropene, chtorotrifluoretthytens and the eMorofluoropropenes end hydrogen-containing analogues of 
tfiese compounds for erampte trifluoreetMene and chlocodffluoroethytene. 

Examples of ethers which may be used, and their boffng pointo, include the following;- 
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